In recent years, the genus Malassezia has been expanded based on molecular data; in addition to M. furfur and M. pachydermatis, five new species (M. sympodialis, M. globosa, M. obtusa, M. restricta, M. slooffiae) have been described. Apart from their lipid dependence, little is known about the metabolism and nutritional requirements of these new species. Defined inocula of Malassezia reference strains were cultured on selective agar for pathogenic fungi which was overlaid with olive oil. Samples of the olive oil overlay were taken at regular intervals and the lipid fractions were analysed by high performance thin layer chromatography. Depending on the time of incubation and the number of cells, M. sympodialis and the other recently described species produced a significant increase in free fatty acids. In addition, a band of an apolar substance was identified as a mixture of fatty acid ethyl esters. While showing growth, strains of M. furfur produced only small amounts of ethyl esters and free fatty acids. The growth kinetics of M. furfur and M. sympodialis were also different: for M. sympodialis, a clear lag phase was observed, possibly indicating the necessity of extracellular hydrolysis of the triglycerides. The significance of the synthesis of ethyl esters could not be clarified. For routine differentiation, this metabolic difference is only of limited usefulness because slight contamination of M. furfur strains with other lipophilic Malassezia species may lead to misinterpretation due to the high metabolic activity. These metabolic differences might be important in the pathogenesis of Malassezia infections.
Introduction
For more than 100 years, yeasts in the genus Malassezia have been known to be components of the microflora of human skin and many warm-blooded animals [1, 2] . The generic name Malassezia has priority over the genus Pityrosporum [3, 4] . As lipids are essential for the growth of these yeasts (with the exception of M. pachydermatis) [5] [6] [7] [8] [9] [10] [11] , they are primarily found in areas that are rich in sebaceous glands.
By means of molecular methods, the genus was recently expanded. In addition to M. furfur (Robin) Baillon, in the genus Malassezia [5] [6] [7] [8] [9] [10] [11] , and which cellular lipid profiles result from energy and structural metabolism [7, 10] . Only a few authors have described which lipid classes can be metabolized, how fatty acids are utilized from them, and whether there are differences between the individual species [5, [13] [14] [15] .
The aim of the present study was to examine the utilization of vegetable oils as mixtures of natural triglycerides and substrates that are frequently used for culture of Malassezia spp. in vitro, and to evaluate possible differences between the individual species.
Materials and methods

Organisms
All strains tested are listed in Table 1 . As M. pachydermatis is not lipid dependent, this species was not included in the study. Strains of M. furfur and M. sympodialis were bought from the Centraalbureau voor Schimmelcultures (CBS), Baarn, The Netherlands. For the new species M. globosa, M. obtusa, M. restricta and M. slooffiae, two strains including the type culture of each taxon were kindly provided by Dr E. Guého, Institut Pasteur, Paris, France. Strains were maintained at 32 C on modified Dixon Agar, as published by Guého et al. [3] .
Material
Cold-sterilized olive oil and soy bean oil of medical grade were obtained from the pharmacy of the university.
Triolein, trilinolein, linoleic acid ethyl ester, oleic acid ethyl ester, free oleic acid and free linoleic acid were purchased from Sigma, Deisenhofen, FRG.
Culturing
All tests were performed at 32 C, an optimal temperature for all the species. Strains were first grown aerobically on selective agar for pathogenic fungi (1 l of water containing peptone 10·0 g, glucose 10·0 g, cycloheximide 0·4 g, chloramphenicol 0·05 g, agar 12·5 g (Merck, Darmstadt, FRG) overlaid with a thin layer of olive oil. After 8-10 days, cells were harvested and prepared in olive oil to a density of 10 5 and 3 10 5 cells µl 1 , respectively, as described elsewhere [13] . Selective agar for pathogenic fungi was dispensed into 3 cm glass Petri dishes and overlaid with 100 µl of the prepared suspension. After incubation up to a maximum of 120 h, the overlay was completely removed with CHCl 3 . The yeast cells were removed by the addition of CH 3 OH (CHCl 3 : CH 3 OH 2:1) and centrifugation at 1500 g for 5 min. The lower phase was then dried under a stream of nitrogen, redissolved in 1 ml of CHCl 3 and transferred to gas tight tubes. In parallel, cell counts were determined for different strains of M. furfur (n = 4) and M. sympodialis (n = 2) in three independent experiments using a haemocytometer (dilution with xylene), and cell morphology was carefully observed.
Test substrates included soy bean oil, triolein, trilinolein, linoleic acid ethyl ester, oleic acid ethyl ester, free linoleic and free oleic acid and the triglycerides purified from olive oil. The latter were prepared by means of thinlayer chromatography (TLC). Because residual olive oil might influence the results, yeast inocula were washed in an aqueous solution of sodium laurylsulfate (1% w:w) and sterile isotonic saline prior to incubation as detailed elsewhere [14] .
High-performance thin-layer chromatography (HPTLC) and densitometry
To determine metabolic activity, thin-layer chromatography was performed as described previously [14] . 
Gas chromatographic analysis (GC)
GC was performed to determine the pattern of generated fatty acids at different times of incubation. Respective bands on HPTLC plates were scraped off, eluted with CHCl 3 /CH 3 OH (2:1 v:v) and dried under a stream of nitrogen. Free fatty acids were spiked with heptadecanoic acid as an internal standard and converted to methyl esters by mixing with ethereal diazomethane according to Pace-Asciak [18] . The ethereal layer was dried, redissolved in CHCl 3 and transferred to the gas chromatograph. GC was performed in a Chrompack gas chromatograph CP 9000, using a CP-Sil 88 capillary column (50 m 0·25 mm; Chrompack AG, Frankfurt, FRG). The carrier gas consisted of hydrogen with a flow rate of 1 ml min 1 . The program used an initial oven temperature of 160 C for 2 min. The temperature was then raised at a rate of 4 C min 1 to 220 C where it was held for 3 min. Injector and detector were maintained at 250 and 300 C, respectively. Fatty acid methyl esters were demonstrated using a flame ionisation detector, and peak area integration was performed for quantitation.
Gas chromatography/mass spectrometry (GC-MS)
GC-MS was performed to identify the unknown substance arising during incubation. The respective band was prepared as described above. After drying under a stream of nitrogen, it was redissolved in ethyl acetate. GC-MS was performed in a Hewlett Packard gas chromatograph HP 5890 H with an HP 5972 A mass spectrometer and authentic software, using a Ultra 1 crosslinked methyl silicone column (12 M 0.2 mM; Hewlett Packard, Boise, Montana, USA). The program used an initial oven temperature of 100 C for 2 min. The temperature was then raised at a rate of 20 C min 1 to 250 C. The final temperature was held for 2 min. Thereafter, the temperature was raised by the same rate to 300 C final temperature and held again for 2 min. The ionising potential was 70 eV, the temperature of the ion source 180 C, the dwell per ion 100 ms and the carrier gas helium 5·0 with a flow rate of 1 ml min 1 . All spectra were recorded on the apex of the gas chromatographic peak. Identification was confirmed by investigation of an authentic substance.
Statistical analysis
Statistical evaluation of the growth rates was performed by comparison with a nonparametric test (MannWhitney U-test). Significance niveau was set at P < 0·05.
Results
Utilization of neutral lipids
Concerning the utilization of olive oil, M. furfur and M. sympodialis differed significantly. Depending on the time of incubation, M. sympodialis (CBS 7222, CBS 7979) showed a rapid increase in the free fatty acids (FFA) bands, followed by formation of another, initially unknown substance which appeared in the upper part of the plate (R f value = 0·60) ( Fig. 1) . This band as well as high amounts of free fatty acids appeared in M. globosa, M. obtusa, M. restricta and M. slooffiae. In contrast, M. furfur (CBS 1878, CBS 7019) revealed only a slight increase in the band of FFA, a band above the triglyceride band was not clearly demonstrable (Fig. 2) . Identical results were obtained by incubation with soy bean oil.
The initially unknown band occurring during incubation with strains of M. sympodialis (Fig. 1 ) and the other species was analysed by means of GC-MS. The mass spectrum showed a mixture of different fatty acid ethyl esters, especially oleic acid ethyl ester, but also of stearic acid and linoleic acid ethyl ester. The relative distribution of these fatty acid ethyl esters was consistent with the fatty acid spectrum of the olive oil used. This was also demonstrated for the free fatty acids produced by M. sympodialis. Throughout the analysis, their spectrum was similiar to the spectrum of the fatty acids in olive oil (Table 2) . Furthermore, it is remarkable that an increase in mono-(R f value = 0·05) or diglycerides (R f value = 0.065), which would have been detected by the HPTLC method, was not demonstrable at any measure point (Figs 1 and 2) . While small amounts of mono and diglycerides were shown initially, these disappeared during incubation.
Densitometric quantification of the free fatty acids and the generated ethyl esters from M. sympodialis over an incubation period of 96 h with 10 5 cells µl 1 in 100 µl total volume showed a continuous increase in the total amount of FFA together with a slight reduction in the amount of ethyl esters, which was already visible at time t = 96 h (Fig. 3) . Longer periods of incubation (120 h) and a higher inoculum (3 10 5 cells µl 1 ) resulted in a continued increase in FFA, while the fatty acid ethyl esters decreased significantly (Fig. 3) .
Fatty acid ethyl esters were also synthesized by mixed populations (1:1) of M. furfur (CBS 1878) and M. sympodialis (CBS 7222). To clarify the origin of the ethyl ester band, the triglyceride band of the olive oil was purified by means of preparative thin-layer chromatography and incubated with M. furfur CBS 1878 and M. sympodialis CBS 7222, respectively (10 5 cells l 1 each). With this purified triglyceride fraction, ethyl esters were also synthesized by M. sympodialis. Again, these were not clearly demonstrable with M. furfur. An identical result was obtained after incubation of both species with pure trilinoleate and trioleate (Table 3) .
Incubation of M. sympodialis CBS 7222 and M. furfur CBS 1878 (10 5 cells l 1 each) with pure oleic or linoleic acid ethyl ester showed that both species can utilize these substrates. Again, M. sympodialis rapidly produced a distinct band of FFA, which was not demonstrable with M. furfur. In free oleic acid, CBS 1878 and CBS 7222 repeatedly failed to induce growth; however, both species did produce growth in free linoleic acid (Table 3) .
Growth kinetics
Despite different utilization of the substrate olive oil, both species grew on this substrate. However, differences were detectable in the growth kinetics. The semilogarithmic growth curve for strains of M. furfur was parabolic, that for M. sympodialis showed an exponential function with an inital lag-and subsequent log-phase (Fig. 4) . Under the conditions selected, the growth behaviour of both species differed significantly at t = 24 h (P < 0·001).
Cell morphology
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Discussion
Malassezia spp. are members of the resident skin flora of humans and some warm-blooded animals, which have been associated with various diseases [1, 2] . Their pathogenesis is not completely understood. The recent identification of additional Malassezia spp. having probably different ecologic niches and metabolic activities might provide new impetus to address these problems [3, 12] .
Unfortunately, it is not always possible to draw a connection between the old nomenclature using the names Pityrosporum orbiculare and P. ovale, and the present classification. Some of the strains examined in previous studies are no longer available for study [7, 10, 11] . Thus, data concerning their physiology and growth requirements are only of limited usefulness. Older publications [5] [6] [7] [8] [9] [10] [11] mainly describe which fatty acids are metabolized and which cellular lipid profiles result from energy and structural metabolism [8, 11] . Only a few authors have investigated which lipid classes are metabolized, how the fatty acids are utilized from them, and whether there are any differences [4, [13] [14] [15] . The present study demonstrates that vegetable neutral lipids such as soybean or olive oil are utilized differently by the individual species of Malassezia. While all species produce macroscopically visible growth, the biochemical processes in the utilization of these substrates are different. In g = growth; EE = production of ethyl ester; n.t. = not tested; n.r. = not relevant.
Fig. 4
Growth curves of different strains of M. furfur (n = 4) and M. sympodialis (n = 2) on selective agar for pathogenic fungi overlaid with olive oil at 32 C. Each strain was tested in three independent experiments. ***P < 0·001 (Mann-Whitney U-test).
M. sympodialis and the recently proposed species, distinct extracellular cleavage of the triglycerides (olive oil, soybean oil, pure trioleate, pure trilinoleate) to FFA with additional synthesis of fatty acid ethyl esters was observed, while these processes were only slightly demonstrable in M. furfur. The differential utilization of triglycerides is apparently reflected in the isolates' growth kinetics. In contrast to M. sympodialis, which forms a lag phase followed by a distinct log phase, the growth of M. furfur is continuous and shows a parabolic curve. After 24 h, differences in the growth kinetics are highly significant. These data can be interpreted as follows: M. sympodialis must first hydrolyse triglycerides to grow exponentially with sufficient amounts of FFA, while unchanged uptake of triglycerides enables M. furfur to grow continuously. FFA are scarcely demonstrable (Fig.2) , and small amounts might also result from contamination with M. sympodialis; this assumption is also supported by the result obtained after incubation of mixed cultures. Furthermore, it is remarkable that no increase in the mono-and diglyceride fractions were demonstrated during cleavage of triglycerides by M. sympodialis and the other species. It seems that all three fatty acids are simultaneously cleaved from glycerol. The alternative assumption that glycerol is metabolized while FFA remains can be refuted by the fact that glycerol alone produces either only slight growth [5] , or none at all [10] .
Throughout the experiment, the spectrum of free fatty acids from M. sympodialis was consistent with that of the olive oil used ( Table 2) . As in previous investigations [13] , it was not possible to demonstrate preferential metabolism of individual fatty acids or transformation of fatty acids in an extracellular environment.
In addition, M. sympodialis, M. obtusa, M. slooffiae, M. globosa and M. restricta produce fatty acid ethyl esters. The fatty acid composition of this fraction is qualitatively consistent with the fatty acid composition of the olive oil tested. There is apparently no specific protective mechanism for individual unsaturated fatty acids against spontaneous oxidation, as might be provided by ethylation. Likewise, the phenomenon cannot be explained by stabilization of the pH value which is influenced by the high amounts of free fatty acids produced, because the production of ethyl esters declines during prolonged incubation time despite increasing FFA (Fig. 4) .
Ethyl esters are in fact produced from the triglyceride fraction of olive oil and not from an unknown component of vegetable oil which will then be metabolized. This was demonstrated by incubation with the triglyceride fraction of olive oil as well as with pure triglycerides (triolein, trilinolein). Therefore, the significance of the formation of ethyl esters remains to be explained. As shown, fatty acid ethyl esters and free fatty acids are possibly also metabolized by M. furfur. This substrate utilization does not offer advantages over the other species.
Experiments were primarily performed with neutral lipids of vegetable origin; therefore, the results cannot be unrestrictedly applied to human superficial skin lipids. Nevertheless, the significant differences demonstrated among the individual Malassezia spp. may be important, especially with regard to the utilization of triglycerides which are found in skin lipids [19] . M. sympodialis and the other Malassezia spp. could contribute differently to the formation of FFA on superficial skin than M. furfur. It is possible that the importance of Malassezia yeasts for the formation of free fatty acids on superficial skin is greater than has been thought [20] .
Epidemiological data regarding the frequency and distribution of the individual species are rare. According to preliminary results, M. sympodialis appears to occur more frequently on the skin than M. furfur [3] . In particular, M. sympodialis, which produces large amounts of free fatty acids and their ethyl esters, whether from regular superficial skin lipids or from lipid containing topical compounds [13] , might have an irritative effect leading to inflammatory changes more often than M. furfur. Thus, metabolic differences might be important in the pathogenesis of diseases associated with Malassezia. Patel & Noble [21] observed fundamental differences in the composition of skin lipids among patients with microbially associated diseases; however, from their data it was not possible to discriminate between patients suffering from pityriasis versicolor or seborrhoeic dermatitis. More information on the epidemiology of Malassezia spp. might give more insight.
In addition, the demonstrated metabolic difference could be significant in the differentiation between M. furfur and non-M. furfur spp. Differentiation methods that are suitable for routine use have been described recently [22] . Ethanol production by non-M. furfur strains can be demonstrated after hydrolysis of ethyl esters by means of the alcohol dehydrogenase reaction resulting in a useful differentiation test. In our opinion, however, the specificity of such a technique would be limited in that mixed cultures are often isolated from the skin [3] . For example a few cells of a non-M. furfur spp. (M. sympodialis, M. globosa, M. obtusa, M. restricta, M. slooffiae) added to an M. furfur isolate would result in a misinterpretation of the results, because of their high metabolic activity. Nevertheless, these metabolic differences, which are summarized in Table 3 , might be helpful as a component of differentiation methods and possibly for testing the purity of a M. furfur strain.
